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DEPARTMENT OF THE ARMY
ST. LOWIS DISTRICT. CORPS OF ENQINEERS
210 TUCKER BOULEVARD. NORTH
ST. LOUIS. MISSOURI 63101

SUBJECT: Marian Lake Dam (Mo. 30016) Phase I Inspection Report

This report presents the results of field inspection and evaluation of
the Marian Lake Dam (Mo. 30016).

It was prepared under the National Program of Inspection of Non-Federal
Dams .

This dam has been classified as unsafe, emergency by the St. Louils
District as a result of the application of the following criteria:

9] The spillway will not pass a lO-year frequency flood without
overtopping of the dame. The spillway 1is, therefore,
considered to be unusually small and seriously inadequate.

2) Overtopping of the dam could result in dam failure.

3) Dam failure significantly increases the hazard to loss of life

downstream.
SUBMITTED BY: SIGNED 9 JUN 1881
Chief, Engineering Division Date
APPROVED BY: S’GNED ‘ 1 JUN 19b‘
Colonel, CE, District Engineer Date
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Marian Lake Dam, Missouri Inv. No. 30016
State Located: Misasouri

County Located: Warren

Stream: Unnamed tributary of Wolf Creek

Date of Inspection: March 2, 1981

Assessment of General Condition

Marian Lake Dam was inspected by the engineering firms of PRC
Congsoer Townsend, Inc., of St. Louis, Missouri, and PRC Engineering
Consultants, Inc., of Englewood, Colorado, (A Joint Venture) in accord=-
ance with the U. S. Army Corps of Engineers '"Recommended Guidelines for
Safety Inspection of Dams" and additionral guidelines furnished by the St.
Louis District of the Corps of Engineers. Based upon the criteria in the
guidelines, the dam is in the high hazard potential classification, which
means that loss of life and appreciable property loss could occur in the
event of failure of the dam. Located within the estimated damage zone of
four miles downstream of the dam are one lakeside building, nine dwell-
ings, one downstream dam (Sherwood Lake Dam, Mo. 10202), one sewage
treatment plant and one county highway, which may be subjected to flood-
ing, with possible damage and/or destruction, and possible loss of life.
Marian Lake Dam is in the intermediate size classification since it is

more than 40 feet but less than 100 feet in height.
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The inspection and evaluation indiéétes that the spillway of
Marian Lake Dam does not meet the criteria set forth {in the guidelines
for a dam having the above size and hazard potential. Marian Lake Dam
being an intermediate size dam with a high hazard potential is required
by the guidelines to pass the Probable Maxiwum Flood (PMF) before over-
topping of the dam occurs. Considering the number of inhabited dwellings
located in the downstream hazard zone, the PMF i3 considered the appro-
priate spillway design flood for Marian Lake Dam. The Probable Maximum
Flood 1s defined as the flood discharge that may be expected from the
most severe combination of critical meteorological and hydrologic condi-
tions that are reasonably possible in the region. It was determinec that
the reservoir/spillway system can accommodate approximately six percent
of the Probable Maximum Flood without overtopping the dame The evalua-
tion also indicates that the reservoir/spillway system cannot accommodate

the ten-percent chance flood without overtopping.

The overall condition of the dam appears to be fair; however,
several deficiencies were noted by the inspection teame The deficiencies
included: the seepage observed near the spillway, which should be
investigated further; the erosion in the discharge channel of the spill-
way along the left abutment/embankment contact; the wet areas observed om
the downstream slope; the collapsed portion of the spillway apron and the
undermining and imminent failure of the remaining portion of the spillway
apron; the need for proper protection around the inlet of the spillway
pipes; the wave erosion observed on the upstream slope and at the toe of
the dam; the observed mole activity on the top of the dam; a need for a
well-maintained vegetative cover on the embankment slopes; and a need for
periodic inspection by a qualified engineer. The lack of seepage and
stability analyses on record is also a deficiency that should be cor-

rected.

It is recommended that the owner take action to correct or

coutrol the ciencies described above.
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

MARIAN LAKE DAM, Missouri Inv. No. 30016

SECTION l: PRQJECT INFORMATION

General
ae. Authority

The Dam Inspection Act, Public Law 92-367 of
August, 1972, authorizes the Secretary of the Army, through the
Corps of Engineers, to initiate a national program of dam inspec-
tions. Inspection for Marian Lake Dam was carried out under Con~
tract DACW 43-80-C~0094 between the Department of the Army,
St. Louls District, Corps of Engineers, and the engineering firms of
PRC Consoer Townsend, Inc., of St. Louis, Missouri, and PRC Engi-

neering Consultants, Inc., of Englewood, Colorado (A Joint Venture).

b. Purpose of Inspection
The visual inspection of Marian Lake Dam was made on
March 2, 1981. The purpose of the inspection was to make a general

assessment as to the structural integrity and operational adequacy

of the dam embankment and its appurtenant structures.
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1.2

Ce Scope of Report

This report summarizes available pertinent data relating
to the project, presents a summary of visual observations made
during the field inspection, presents an assessment of hydrologic
and hydraulic conditions at the site and of the structural adequacy
of the various project features, and assesses the general condition

of the dam with respect to safety.

Subsurface investigations, laboratory testing, and
detailed analyses were not within the scope of this study. No
warranty as to the absolute safety of the project features 1is

implied by the conclusions presented in this report.

It should be noted that in this report reference to left
or right abutments 1is viewed as looking downstream. Where left
abutment or left side of the dam is used in this report, this also
refers to the east abutment or side, and right to the west abutment

or side.

da Evaluation Criteria

The inspection and evaluation of the dam is performed in
accordance with the U.S. Army Corps of Engineers '"Recommended
Guidelines for Safety Inspection of Dams" and additional guidelines
furnished by the St. Louis District office of the Corps of Engineers

for Phase I Dam Inspection.
Description of the Project
ae. Description of Dam and Appurtenances
The following description is based upon observations and
measurements made during the visual inspection, information obtained

from a report prepared by Horner and Shifrin, Inc. of St. Louis,

Missourli (see Section 2.l), and conversations with Messrs. Emerson

Ce et Rl e o




Sanders and George Schmidt, representatives of the owmer. No design

or "as-built" drawings were available for this dam.

The dam 1s a homogeneous, rolled, earthfill structure,
according to Mr. Schmidt. The alignment of the dam ts straight
between earth abutments. A plan and elevation of the dam are shown
on Plate 4 and Photos 1 through 3 show views of the dame. The top of
dam was measured to be 415 feet long and 19 feet wide, except at the
location of the spillway pipes where it widens to 25 feet. The top
of dam was surveyed to be level from the left abutment to a point 70
feet to the left of the right abutment. From this point, the top of
dam slopes upward with a rise in elevation of 2.2 feet to the right
abutment/embankment contact. The ninimum elevation of the top of
dam was taken to be 673.5 feet above mean sea level (M.S.L.), which
was obtained from the report by Horner and Shifrin, Inc. The
embankment has a maximum structural height of 47.7 feet with side
slopes of 1 vertical to 2 horizontal (1V to 2H) on the downstream

face and LV to 3H on the upstream face above the water surface.

The only spillway at this damsite consists of two corru-
gated metal pipe arches, 28 inches high and 42 inches wide, located
near the left abutment of the dam (see Photo 6). The invert of the
left pipe i3 at elevation 670.2 feet above M.S.L. and the invert of
the right pipe 1is at elevation 669.6 feet above M.S.L. Both pipes
are 32.5 feet long and coated with asphalt inside and outside. The
pipes outlet onto a concrete apron. The apron is 13.5 feet long and
varies in width from eight feet at the outlet of the pipes to 6.33
feet at the downstream end. Both sides of the apron are bordered by
an eight 1inch high curbe The apron slab 1is six inches thick. An
additional eleven feet at the downstream end of the apron has broken
off and fallen 1into the spillway discharge channel. Downstream of
the concrete apron the spillway channel is earth-lined. The channel
follows the left abutment/embankment contact and discharges into the
reservoir of Sherwood Lake Dam (Mo. 10202), directly downstream of
the dam.

~3-
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No low-level outlet or outlet works were provided for

this dam, according to Mr. Sanders.
be Location

Marian Lake Dam is located in Warren County in the State
of Missouri on an unnamed tributary of Wolf Creek. The dam is
located approximately 10.5 miles south of Foristell and six miles
southwest of New Melle in the southwest quadrant of Section 12 of
Range 1 West, Township 45 North, as shown on the New Melle, Missouri
Quadrangle (7.5 minute series) sheet (see Plate 2).

Ce Size Classification

The reservoir impoundment of Marian Lake Dam i3 less than
1,000 acre-feet but more than 50 acre-feet, which would classify it
as a "small" size dame The maximum structural height of the dam is
less than 100 feet and greater than 40 feet, which classifies {t as
an "intermediate" size dame The size classification is determined
by either the storage or height, whichever gives the larger size
category. Therefore, the size classification is determined to fall
within the "intermediate" category, according to the "Recommended
Guidelines for Safety Inspection of Dams" by the U.S. Department of
the Army, Office of the Chief Engineer.

de Hazard Classification

The dam has been classified as having a '"high" hazard
potential {n the National Inventory of Dams, on the basis that in
the event of failure of the dam or 1{ts appurtenances, excessive
damage could occur to downstream property, together with the possi-
bility of the loss of life. From a visual inspection of the down-
stream area, our findings partially concur with this classification
as listed in the National Inventory of Dams. Located within the
estimated damage zone, which extends less than one mile downstream

of the dam, are at least one lakeside building, which houses the
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office for the Lake Sherwood Estates Association, and three Lakeside
dwellings (see Photos 13 and 14).

The estimated damage zone, however, as listed in the
National Inventory of Dams and described above 13 based upon the
assumption that any floodwaters passing through Lake Marian would be
contained within the reservoilr of Sherwood Lake Dam (Mo. 10202)
located approximately one mile downstream. However, it is felt that
Sherwood Lake Dam would be affected by the combination of a failure
of Marian Lake Dam and the occurrence of a Probable Maximum Flood.
This would extend the estimated damage zone three miles further
downstream and include an additional six dwellings, one sewage
treatment plant and one ccunty highway. Therefore, the downstream
hazard zone 1s changed to 1include one lakeside building, nine
dwellings, Sherwood Lake Dam (Mo. 10202), one sewage treatment plant
and one county highway all of which are located within a damage zone

that extends at least four miles downstream of the dame.

ee Ownership

Marian Lake Dam 1s privately owned by Lake Sherwood
Estates Association of Lake Sherwood, Missouri. The mailing address
is as follows: Mr. Emerson P. Sanders, Executive Director, Lake
Sherwood Estates Association, P.0. Box 85, Lake Sherwood, Missouri,
63357.

f. Purpose of Dam

The purpose of the dam is to impound water for recrea-

tional use as a private lake.




8 Design and Construction History

According to Mr. Sanders, the comstruction of the dam was
started in 1965 and completed in early 1966 by Mertens Constructiom
Company of Fulton, Missouri. The original owmer of Lake Sherwood
Estates, who was an engineer, and Mertens Construction Company did

the engineering for the dam, according to Mr. Sanders. However, no

drawings or specifications used for the comnstruction of Marian Lake
Dam exist.

he Normal Operational Procedures

Normal operatiomal procedure is to allow the reservoir to

remain as full as possible. The water level is controlled by

rainfall, runoff, evaporation, and the invert elevations of the

spillway pipes. A staff gage located near the inlet of the spillway

pipes 1is used by Lake Sherwood Estates employees to monitor the lake
level on a weekly basis.




] 1.3 Pertinent Data
-
8. Drainage Area (square miles):e. . 0.23
) be Discharge at Damsite
v Estimated experienced maximum flood (cfs): « + « & 11
r Estimated ungated spillway capacity with

reservoir at top of dam elevation (cfs8): « ¢« « « « 126

ce Elevation (Feet above MSL)*
Top of dam (minimum):- ¢« o 5 8 s e ¢ & o o o s s @ 673.5
Spillway CreSLS: o o ¢ o ¢ o ¢ o ¢ ¢ ¢ o 0 o ¢ o o 669.6 and 670.2

e e e g %
2 .
LSRN

Nomlpoolzutucocoa-o.ooooooco669.6
Maximum Experienced PoOlie o ¢ o o o o o ¢ o o o 670.6

Observed Pool: « o ¢« o o ¢ ¢ o o o ¢ ¢ o s o o o o 66645

de Reservoir

Length of pool with water surface
at top of dam elevation (feet):e o« « ¢ o s ¢ o o « 1600

e. Storage (Acre-Feet)
Top of dam (minimum):e o o o ¢ o o o o o o o o o o 147.0
Spillway CrestS: « o o ¢ o o o o s « ¢ ¢ o o o ¢ o 118.5 and 123.0
Normal PoOl: o ¢ ¢ o o o ¢ o o o s o ¢ o o » o o o« 1185
Maximum Experienced Pool:e ¢ s o o ¢ ¢ o o ¢ o o« « 12640

Observed Pool: ¢ ¢ ¢« ¢ o o ¢ ¢ ¢ o ¢« 5 s ¢ ¢ s o » 97.2

f. Reservoir Surfaces (Acres)

Topofdam(minimum):-.............. 9.5

Spillvay CTEHSLS3: o o ¢ o ¢ ¢ o o o s o o o o o o s 8.0 and 8.2
Normal POOL: « o ¢ o« o o s o o ¢ o o ¢ o ¢ ¢ o ¢ o 8.0
Maximum Expetienced PoOl:es o o 5 o o s o 0 o 9 o & 8.4
Observed Pool: + s 4 s ¢ s o o ¢ o o« ¢ ¢ o ¢ o o o 7.2

1 -7-




I

<4

i ge Dam
Type:- ® ® o 6 & 8 8 & ° 2 e s e e e & o o Rolled, Earthfill

Length:. o o o o 6 o 6 o v o s 06 s 0 6 s o o 415 feet
Structural Height: 47.7 feet
*

Hydraulic Height* 5 e e e s e 0 s 0 0 0 s s 47.7 feet

- Top Wwidth: « « ¢ ¢ o o e o o o ¢ o » o o o o 19 feet
Side slopes:
DOWNSCream s« o o+ s o o o o ¢ o o ¢ « « 1V to 2H
Upstreame « « ¢ « o ¢ o ¢ ¢ o« o« s o o o« 1V to 3H (Above
the water surface)
Zoningie » o ¢ o 4 ¢ 5 o o ¢ o ¢ o o o s o o N.A., Homcgeneous
Impervious cOre: « « s o s ¢ o o o o o o o o NeAo
Cutoffse o o o o ¢ o o o o o s o o ¢ o o o o A trench was excavated
to bedrock, according
to Mr. Schmidt.

| Grout curtain: « ¢ o ¢ ¢ o ¢ o o ¢ ¢ o o o o None

Volume:- ® & & 6 & & 5 © 5 & o ° ° o s ° s » 59,000 CuldeO (Estimﬂted)

i he Diversion and Regulating Tunnel « « « None

‘ i. Spillway
Type:o ® o & & o 8 ° & 6 o ¢ o o+ o s s o o o TVO, 42 inch by 28 inch
corrugated metal pipe

arches.

Lengthofcrest:o..-.....-.... Ne.Aeo
Crest Elevations (feet above MSL): « « o« » o« 669.6 and 670.2

LA A R b, e ——— e o e
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; j» Regulating Outlets . . . None

* Exact elevations for the spillway pipes and the top of dam were taken
from a report prepared by Horner and Shifrin, Inc. Relative differ-
ences between the given elevations were field verified by use of
surveying equipment.

** The hydraulic height of the dam 1s the vertical distance from

the lowest point on the downstream toe to the top of dam or the

maximum water surface, if below the top of dam.

——————— b




SECTION 2: ENGINEERING DATA

2.1 Design

According to Mr. Sanders, the original owner of Lake Sherwood
Estates, who was an engineer, and Mertens Construction Company designed
Marian Lake Dam. However, no design drawings or specifications were

available for the dam.

A hydraulic/hydrologic report prepared by Horner and Shifrin,
Inc., entitled, "Evaluation of the Spillway Capacities of the Lakes in
Lake Sherwood Estates" and dated March 13, 1978 was avallable for review
by the inspection team. Pertinent information Qas obtained from this
report and used in the preparation of this Phase I inspection report. The
information consisted of reservoir elevation—-area-capacity data, eleva-
tions and drainage basin data (see Plates ll through 17). The ianforma-
tion was verified from field measurements and by use of the U.S.G.S. New

Melle, Missouri Quadrangle topographic map (7.5 minute series).
2.2 Construction

No documented data concerning the conatruction of the dam was
available for this report; however, information concerning the construc-
tion of the dam was obtained through conversations with Mr. Schmidt,
construction and maintenance manager at Lake Sherwood Estates. Mr.
Schmidt stated that the compaction of the embankment was achieved by the
activity of the earthmoving equipment across the embankment; no compac-
tion control was employed. A cutoff trench was excavated to solid
bedrock. A layer of sand was placed on the top and upstream slope of the

dam to create a beach and boat unloading area.

~10-
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2.3 Operation

There are no low-level outlets or control structures for
Marian Lake Dame The lake level is allowed to remain as full as possi-
ble. A staff gage 1s used by Lake Sherwood Estates employees to weekly
monitor and record the lake water level. The water level below the crest

of the spillway pipes is countrolled by rainfall, runoff and evaporatiom.

2.4 Evaluation

a. Availlability

The availlability of engineering data consists of a soil
survey by the Soil Conservation Service for Warrem County, State
Geological Maps, U.S5.G.S. Quadrangle sheets and a report prepared in
1978 by Horner and Shifrin, Inc., of St. Louis, Missouri, entitled,
"Evaluation of the Spillway Capacities of the Lakes in Lake Sherwood
Estates”. The pertinent information obtained from the report
mentioned above are included in this report. No data were available
with regard to subsurface investigations or soll testing for the

dam.

be Adequacy

The lack of engineering data did not allow for a defini-
tive review and evaluation. Therefore, the adequacy of this dam
could not be assessed from the standpoint of reviewing and evalu-
ating design, operation, and construction data, but is based pri-
marily on visual inspection, past performance history, and present
condition of the dam. Seepage and stabllity analyses comparable to
the requirements of the "Recommended Guidelines for Safety Inspec=-
tion of Dams" were not available, which i3 considered a deficiency.
These seepage and stability analyses should be performed for appro-
priate loading conditions (including earthquake loads) and made a

matter of record.

-11-




Ce Validity

The only valid engineering data is the report prepared by
Horner and Shifrin, Inc., entitled, "Evaluation of the Spillway
Capacities of the Lakes 1in Lake Sherwood Estates". Information
obtained from the Horner and Shifrin report and used in the prepara-
tion of this Phase I inspection report was verified and shown to be
valid.

-12-




SECTION 3: VISUAL INSPECTION

3.1 Findings

ase General

A visual inspection of the Marian Lake Dam was made on

March 2, 1981.

The following persons were present during the

inspection:
Name Affiliation Disciplines
Mark Haynes, P.E. PRC Engineering Consultants, Inc. Soils

Jerry Kenny

James Nettum, P.E.

Razi Quraishi,
R.P.Gos

John Lauth, P.E.

Emerson Sanders

George Schmidt

Specific

PRC Engineering Coasultants, Ince.

PRC Engineering Consultants, Iac.

PRC Engineering Consultants, Inc.

PRC Consoer Townsend, Inc.

Owner’s Representative

Owner’s Representative

obgervations are discussed below.

-13=
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be Dam

The overall condition of the dam appears to be fair;

however, some items of concern were noted and are discussed below.

A oune-foot layer of sand was placed on the upstream slope
and the top of dam to create a beach area for the reservoir, accord-
ing to Mr. Schmidt. Due to the layer of sand, a sparse growth of
grass cover was observed on the slope and the top of dam. Neverthe-
less, no erosion due to surface runoff was noted in either area and
it i3 felt that surface erosion will not be a problem in the future

in these areas.

The top of dam showed no signs‘of cracking or depres~
sions, which would indicate a settlement of embankment. No signifi-
cant deviation in the vertical or horizontal alignment was observed,
other than the change 1in elevation near the right abutment. It
appears that the top of dam was constructed this way to galn access
to the dam from the right abutment. Vehicular traffic across the
dam except for occassional maintenance and construction equipment is
prevented. According to Mr. Sanders, the dam has never been over-

topped and no evidence indicating the contrary was observed.

The upstream slope has no riprap protection (see Photo
1)« Consequently, some very minor erosion has occurred due to wave
action. Cattails were growing in one area on the slope near the
water surface level on the day of the inspection. The cattails
appeared to be providing some protection against wave erosion for
the upstream slope. No bulges, depressions, or cracks indicative of

an instability of the slope were observed.

The downstream slope has a sparse vegetative cover;
however, only minor erosion due to surface runoff was observed.
Small saplings and brush appeared to have been growing on the slope
at one time. The saplings were cut down and the brush was burnt off

the slope. The slope was fairly 1irregular in some areas but the
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irregularity of the slope did not appear to be due to any slope
movements. No major bulges, depressions, or cracking indicative of

embankment or foundation movement were apparent.

A sewer pipe was placed recently along the downstream,
embankment/right abutment contact. The excavation for the pipe and
construction access road cut into the embankment (see Photo 5). An
approximate one-foot-high scarp was observed on the left side of
this area indicating that the disturbed area was not restored to 1its
original condition; however, the disturbed scil appears to have been
recompacted. The removal of embankment material in this area,

however, appears to have little or no effect on the stability of the

embankment.

Along the downstream, embankment/left abutment contact,
discharges through the spillway have eroded the embankment creating
a discharge channel for the spillway (see Photos 9 and 10). The
discharge channel was measured to be up to four feet deep and ten
feet wide in one area. Along this same embankment/abutment coatact,
seepage was observed discharging from the embankment just downstream
of the concrete apron of the spillway and flowing along the channel
mentioned above. The flow rate of the seepage was estimated to be
less than two gallons per minute. The discharge was clear and did
not appear to be transporting any soil particles; however, to the
left of the spillway a small depression was observed which could

indicate that some displacement of the embankment materials has

occurred {n the past.

At the toe of the dam, a two-foot high, 20 foot wide,
dish-shape, erosional scarp was observed (see Photo 4). The scarp
appeared to be caused by wave action from the downstream reservoir
when the water surface in the reservoir is ac its normal level. In
this same area, several wet spots were observed on the embankment.
When digging a hole in these wet areas, the hole would quickly fill
up with water, which would indicate a possibility of seepage through

the embankment. Nevertheless, no measurable flow of water was
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observed discharging from these areas. Several other wet areas were

observed on the downstream slope in different locations.

According to Mr. Sanders, they do not have a problem with
muskrats in the reservoir. No evidence of burrowing animals was
observed on the upstream and downstream slopes or the abutments;
however, evidence of mole activity was observed on the top of the

dame.

Both abutments slope moderately upward from the top of
dame. No instabilities or erosion due to surface runoff were ob-
served on either abutment. No major problems were observed on
either abutment except for the problems on the downstream, embank-
ment/abutment contacts mentioned above. Sewer pipes were con-

structed through both abutments.

Ce Project Geology and Soils

(1) Project Geology

The damsite 1is located on an unnamed tributary of Wolf
Creek 1in the Springfield Plateau section of the Ozark Plateaus
Physiographic Province« The Springfield Plateau includes that part
of the Ozarks which 1is underlain mainly by rocks of the Misstissip-
plan age. Most of the Springfield Plateau are prairies, which are
separated by valleys cut 200 to 300 feet below the upland surface.
Most of the area of the Springfield Plateau is overlain by a mantle
of chert derived by weathering of the Mississippfian Limestone.
Widespread distribution of dolomites and limestone bedrock with deep
dissection 1s respousible for the development of many springs in the
regional area of the damsite. A major component of surface dis-
charge of water to the regional drainage is contributed by these

springs.
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The topography at the damsite vicinity 1s rolling to
hilly with U-to V-shaped valleys. Elevations of the ground surface
range from 824 feet above M.S.L. approximately 0.65 miles northwest
of the damsite to 670 feet above M.S.L. at the damsite. The reser-
voir slopes are generally from 15 degrees to 20 degrees from hori-
zontal. The reservoir slopes are stable and the reservoir appears
to be watertight. The area near the damsite 13 covered with gla-
cial-fluvial deposits and residual soils consisting of reddish
brown, medium plastic, silty clay with occassional chert and lime-

stone fragments.

The regional bedrock geology beneath the glacial-fluvial
and the residual soils deposits in the damsite area as shown on the
Geologic Map of Missouri (1979) (see Plate 7), consist of Pennsyl=-
vanian age rocks of the Cherokee Group; Mississippian age rocks
consisting of Burlington Limestone and Hannibal Formation (shale and
siltstone); and Ordovician age rocks consisting of Noix Limestone,
Kimmswick Limestone, and St. Peter Sandstone. The predominent
bedrock underlying the glacial-fluvial and the residual soil depo-
sits in the vicinity of the damsite are the Pennsylvanian age rocks

of the Cherokee Group and Mississippian age Burlington Limestone.

Outcroppings of Pennsylvanian Cherokee Group rocks
(cyclic deposits of brownish~gray, fine to medium grained, hard,
unweathered, sandy limestone interbedded with shale and limestone)
and Mississippian Burlington Limestone (brownish-gray, fine to
medium grained, hard, unweathered cherty limestone) are exposed in
the discharge channel of the spillway and on the western and eastern
rim of the Marian Lake (see Photo ll).

No faults have been {dentified in the vicinity of the
damsite. The closest trace of a fault to the damsite {s the Moselle
fault nearly 15 miles south of the damsite. The Moselle fault had
its last movement in post-Early Ordovician time. Thus, the fault

has no effect on the damsite.
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No boring logs or coanstruction reports were available
that would indicate foundation conditions encountered during con-
struction. Based upon the visual inspection and conservations with
Mr. Schmidt, the embankment probably rests on brownish-gray, fine to
medium grained, hard, unweathered, sandy limestone and the corru~
gated metal pipe arches of the spillway rest on the compacted
embankment fill.

(2) Project Soils

According to the "Soil Survey of Montgomery and Warren
Counties, Missouri", published by the Soil Conservation Service in
1978, the soils in the gemeral area of the dam belong to the Goss-
Gasconade—Chilhowie association. The soils at the damsite consist
of the Goss very cherty silt loam, Gasconadé stony silty clay loam
and the Gasconade-Rock outcrop complex. These soils are basically

formed from weathered limestone and thinly interbedded shale.

Materials removed from the downstream slope of the
embankment appeared to be a light brown, moderately plastic, silty
clay with traces of fine to medium sand. Based upon the Unified
Soil Classification System, the soil would probably be classified as
a CL. This i3 an impervious soil type, which generally has the
following characteristics: a coefficlent of permeability less than
1.0 foot per year, medium shear strength, and a high resistance to
pilping. This soil type also has a high resistance to erosion under
low velocity flow; however, excessive erosion can occur during the

high velocity flows that can be expected when the dam is overtopped.

de. Appurtenant Structures
(1) Spillway

The spillway pipes appear to be in fair coadition. The
asphalt coating 1s sloughing off in some places. The inlet ends of
both plpes are slightly deformed but the pipes are unobstructed and
should function properly. No erosion of the embankment at the inlet
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of the pipes i{s evident although this area 1is not protected by

riprap or a headwall.

The surface of the concrete outlet apron 1is rough and
pitted due mainly to troweling technique at the time of the place-
ment of the concrete and not by weathering. The apron concrete was
placed without using concrete forms. The overall appearance of the
concrete workmanship 1s very unprofessional. The lower 1l feet of
the apron has broken off and fallen 1into the eroded discharge
channel. There 13 no evidence of steel reinforcement at the break
point in the aproo. The portion of the apron still in place is
undermined to a point 4.5 feet from the break point. The apron slab
has a deep transverse crack starting 2.67 feet from the right
spillway pipe and extending to 5.3 feet from the left spillway pipe
(see Photo 8). The slab {3 displaced about‘one-half to one inch at
the crack. The earth-lined channel just downstream of the apromn is
severely eroded to depths of four feet. Small trees and brush are
growing {i{n and along the sides of the earth~lined part of the
channel. The undermining of the aprom, and subsequent erosion of
the discharge channel appears to have resulted from discharge from
the two spillway pipes and further aggravated by the seepage through

the embankment.

The present alignment of the discharge channel following
the left abutment/embankment contact may not have been the original
condition. There 13 some evidence that the discharge channel was
intended to be aligned perpendicular to the axis of the dam to a
point past the toe of the embankment. Sloughing of the chamnel bank
may have blocked this path just downstream of the failed apron.
Discharge from the spillway and the continuous seepage flow may have

created the existing discharge channel alignment.
(2) Outlet Works

No low-level outlet or outlet works were provided for

this dam.
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3.2

ee Reservoir Area

The reservoir water surface elevation at the time of the
inspection was 666.5 feet above M.S.L. The normal water surface in
the reservoir 1{s assumed to be at an elevation of 669.6 feet above
M.S.L., which 13 the invert of the lowest spillway pipe. However,
according to Mr. Sanders, the water level in the reservoir has
generally been two to three feet below the elevation of the spillway
in recent years. The surface area of the reservoir at the assumed

normal water level 1is 8.0 acrese.

The rim appeared to be stable with no erosiomal or
stability problems observed. The land around the reservoir slopes
moderately upward from the rim and is mostly wooded. Some homes are
built around the rim. Several rock outcroﬁs were observed on the
rim 1in the vicinity of the damsite. No evidence of excessive

siltation was observed in the reservoir.

One small dam (Eleanor Lake Dam, Mo.30015) is located at
the upper reach of the reservoir (see Plate 2). The dam is large
enough to be considered in the flood routing evaluation for Marian
Lake Dam as further discussed in Section 5. A plan and elevation of
the dam are shown on Plate 6.

fe. Downstream Channel

There i3 no downstream channel. The spillway discharges
directly into the reservoir of Sherwood Lake Dam Mo. 10202)

Evaluation

The visual inspection did not reveal any conditions that were

felt to pose an immediate threat to the safety of the structure; however,

the following condition does exist, which would warrant prompt attentiocn.
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The seepage observed near the spillway poses a potential
danger to the structural integrity of the dame Although on the day of
the inspection the seepage was clear and apparently not carrying any soil
particles, it is highly possible that the flow rate of the seepage could
increase. An increase in flow rate could transport soil particles, which
could cause piping of the embankment material. This could eventually

lead to the fallure of the embankment in this area.

The following conditions also existed which could affect the

safety of the dam.

'« The alignment of the discharge channel following the abut-
ment/embankment contact 18 not a preferred condition. The continued
erosion of the earth~lined discharge channel could have detrimental
effects on the downstream slope of the dam.. The presence of tree
and brush roots and stalks {n the channel will result in flow
irregularities aggravating the erosion problem and offsetting

whatever stabilizing effect the vegetative cover might provide.

2. The erosional scarp caused by wave action at the toe of the dam
does not appear to affect the stability of the dam in its present
condition. Nevertheless, continual erosion in this area can only be

detrimental to the stability of the dame.

3. The wet spots observed on the downstream slope do not appear to
effect the safety of the dam in their present condition. Neverthe=-
less with time, the conditions could develop into a potential

problem.

4. The undermining and resultant transverse crack pose a very real
and imminent threat to the stability of the remaining portion of the
spillway apron. The failure of the apron and progressive erosion in
the spillway discharge channel will jeopardize the stability of the
spillway pipes and therefore the dam.
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5. The lack of proper protection at the spillway inlets has not
resulted in embankment erosion although prolonged use of the spill-
ways under high flow conditions could result in embankment material

being swept into the spillway.

6. Due to the location of the observed mole activity, it 1s felt
that the burrows created by the moles pose no danger to the safety
of the dame Nevertheless, if the moles were to migrate to other
areas of the dam, it is possible they could jeopardize the safety of
the dam. The holes created by any burrowing animal provide possible

avenues for piping of the embankment material.

7. The very minor wave erosion on the upstream 3slope does not
affect the stability of the dam in its preseat condition. Neverthe-
less, continual erosion of the slope can only be detrimental to the

stability of the dam.
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SECTION 4: OPERATIONAL PROCEDURES

4ol Procedures

There are no specific procedures that are followed for the
operation of the dam. The water level below the crest of the spillway

pipes is controlled by rainfall, runoff, and evaporation.

be2 Maintenance of Dam

The dam 1is maintained by employees of Lake Sherwood Estates.
The grass om the upstream slope and the top of dam-is mowed periodically.
The downstream slope is also sprayed yearly with a herbicide to remove
bushes and saplings from the slope and, occasionally, the bushes and

saplings are burnt off the slope.

4.3 Maintenance of Operating Facilities

There are no operating facilities associated with this dam.

4o 4 Description of Any Warning System in Effect

Marian Lake Dam 1is part of a system of five dams in the Lake
Sherwood Estates in which a warning system has been developed in case of
a failure of the lower dam (Sherwood Lake Dam). The warning system
consists of a daily inspection by Lake Sherwood maintenance personnel of
all the Lake Sherwood Estates dams. A listing of phone numbers for the
local and county police and local fire departments, and the residents
l1iving downstream of Sherwood Lake Dam has been compiled as part of the
warning system. The downstream residents would be warned of an impending
dam failure by phone or by the fire or police departments. The Lake
Sherwood Fire Department siren system can also be actuated by Mr.
Sanders, or Lake Sherwood Estates persounnel in order to also warn down-

stream residents of a dam failure.




445 Evaluation

The maintenance at Marian Lake Dam appears to be fair.
Although the dam does not appear to be neglected, the remedial measures
described in Section 7 should be undertaken to improve the condition of
the dam.
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5.1

SECTION 5: HYDRAULIC/HYDROLOGIC

Evaluation of Features

ae. Design

Data from the report prepared by Hormer and Shifrin, Inc.
(see Plates 11 through 17) was used in evaluating the hydro-
logic/hydraulic adequacy of Marian Lake Dam and the upstream dam,
Eleanor Lake Dam. The sizes of physical features utilized to
develop the stage—outflow relation for the spillway and overtopping
of each of the dams were prepared from field notes and sketches
prepared during the field inspection and checked against data
avallable in the report. The reservoir elevation-area-capacity data
and drainage areas were taken from the report and verified from the
UeSeGeS. New Melle, Missouri Quadrangle topographic map (7.5 minute
series). The gpillway and overtop release rates and the reservoir

elevation-capacity data are presented in Appendix B.

The hydrologic soil groups of the two watersheds, one
above the upstream dam and the other between the upstream dam and
Marian Lake Dam were determined from information available in the
U.S«.D.A. Soil Coanservation Service publication "Missouri General
Soil Map and Soil Association Descriptions", 1979. The Probable
Maximum Precipitation (PMP) used to determine the Probable Maximum
Flood (PMF) was determined by using the U.S. Weather Bureau publica-
tion, "Hydrometeorological Report No. 33" (April, 1956). The 100-
year and the 10-year floods were derived from the 100-year rainfall

and the 10-year rainfall, respectively, of Warrenton, Missouri.
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be Experience Data

Weekly records of reservoir stage are maintained for this
site. According to Mr. Sanders, the maximum reservoir level has
been about 12 inches above the invert of the lower spillway pipe on

two occasionse.

Ceo Visual Observations

Observations made of the spillway during the visual
inspection are discussed in Section 3.1d and evaluated in Section

3' 2.

d. Overtopping Potential

Both the Probable Maximum Flood, and one-half of the
Probable Maximum Flood when routed through the reservoir, resulted
in overtopping of the dame The peak inflows for the PMF and omne-
half of the PMF are 2476 cfs and 1117 cfs, respectively. The peak
outflow discharges for the PMF and one-=half of the PMF are 2337 and
1004 cfs, respectively. The maximum capacity of the spillway just
before overtopping the dam is 126 cfs. The PMF overtopped the dam
by l.54 feet and one-half of the PMF overtopped the dam by 0.78
feet. The total duration of overflow over the top of dam is 8.67
hours during the PMF and 6.50 hours during one~half of the PMF. The
spillway/reservoir system of Marian Lake Dam i3 capable of accommo~
dating a flood equal to approximately six percent of the PMF just
before overtopping the dame. The reservoir/spillway system of Marian
Lake Dam will not accommodate the ten-percent chance flood without
overtopping the dam. Marian Lake Dam may be susceptible to erosion
due to high velocity flow on its downstream slope, which could lead

to an eventual failure of the dam during overtopping of the dam.
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The failure of the dam could cause extensive damage to
the property downstream of the dam and possible loss of life. The
estimated damage zone extends approximately four miles downstream of
the dam. Located within the damage zone are one lakeside building,
nine dwellings, one downstream dam, one sewage treatment plant, and

one county highway.

Eleanor Lake Dam (Mo. 300l5) mentioned in Section 3.le
has been included in determining the overtopping potential of Marian
Lake Dams. This analysis included the hypothetical breach of Eleanor
Lake Dam for those floods during which it was overtopped. Due to
the complete obstruction of the spillway pipes (see Plate 6), the
upstream dam was overtopped and breached by every flood, including
the ten-percent chance £flood. The sudden release of the water
stored in the upstream reservolr was a major factor in the determin-

ation of the unusually small spillway capacity for Marian Lake Dam.
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6.1

SECTION 6: STRUCTURAL STABILITY

Evaluation of Structural Stability

a. Visual Observations

There were no major signs of settlement or distress
observed on the embankment or foundatiom during the visual inspec=-
tion. The flowing seepage and the wet spots on the downstream slope
could be detrimental to the stability of the embankment. Neverthe—
less, the seepage does not appear to constitute an unsafe condition
at this time. The very minor wave erosion.on the upstream slope,
the erosion 1in the discharge channel of the splllway and the ero-
sional scarp at the toe of the downstream slope do not appear to
have adversely affected the stability of the dam at this time.
However, continual erosion of the embankment in these areas can only
jeopardize the structural integrity of the dam. In the absence of
seepage and stability analyses, no quantitative evaluation of the

structural stability can be made.

The structural stability of the spillway is in jeopardy
due to the imminent failure of the outlet apron. Undermining due to
discharge through the spillway and aggravated by the seepage has led
to the failure of the lower ll feet of the original 24.5 feet apron.
A transverse crack and some displacement of the slab indicate a
large portion of the remaining apron is failing. Operation of the
spillway pipes will accelerate the failure of the remaining portion
of the apron leaving the embankment at the spilllway outlet unpro-
tected and vulnerable.
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b. Design and Construction Data

No design computations pertaining to the embankment were
uncovered during the report preparation phase. Seepage and stabil-
ity analyses comparable to the requirements of the "Recommended
Guidelines for Safety Inspection of Dams" were not available. No
embankment or foundation soll parameters were available for carrying
out a conventional stability analysis on the embankment. No con~-
struction data or specifications relating to the degree of embank-

ment compaction were available for use in a stability analysis.
Ce Operating Records

Water levels in the reservoir are recorded periodically
and according to Mr. Sanders, the water level has generally been two
to three feet below the invert of the lowest spillway pipe in recent
years. Since there is no means to rapidly drawdown the reservoir,
the loss of water from the reservoir is due to evaporation and the
observed seepage through the embankment. This would have no effect
on the stability of the dam from the standpoint of the reservoir
being drawn down. The water level on the day of the lnspection was

3.1 feet below the crest of the lowest spillway pipe.
de Post Comnstruction Changes

No post construction changes to the embankment are known
to exist that will affect the structural stability of the dam except
for the construction of the sewer pipe along the right abutment.
However, the excavation does not appear to have affected the struc-

tural stability of the dam.
e. Seismic Stability

The dam {s located in Seismic Zone 2, as defined in the
"Recommended Guidelines For Safety Inspection of Dams" as prepared
by the Corps of Engineers (see Plate 10). Seismic Zone 2 is charac-
terized by a moderate earthquake hazard. An earthquake of the
magnitude that would be expected in Seismic Zone 2 should not cause
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significant distress to a well designed and constructed earth dam.
Available literature indicates that no active faults exist anear the
vicinity of the damsite. The maximum recorded historlc magnitude
earthquake in the immediate vicinity of the damsite was the January
24, 1902 event of magnitude 5 located at a distance of 33 miles
southeast of the damsite. This event cannot be correlated with
known tectonic structure and is considered to probably be related to
the release of accumulated residual strain along the buried pre-
Quaternary fault. The attenuation of this event to the damsite
would produce a peak ground acceleration of less than 0.05g which

could not produce a significant seismic impact on the dam.
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SECTION 7: ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment

The assessment of the general condition of the dam is based
upon available data and visual inspection. Detailed investigations,
testing, and detailed computaﬁional evaluations are beyond the scope of a
Phagse I investigation; however, the investigation is intended to identify

any need for such studies.

It should be realized that the reported condition of the dam
is based upon observations of field conditions at the time of the inspec-

tion along with data available to the inspection team.

It is also important to realize that the condition of a dam
depends upon numerous and constantly changing internal and external
conditions, and 1is evolutionary 1in nature. It would be incorrect to
assume that the present condition of the dam will continue to represent
the condition of the dam at some point in the future. Only through
continued care and inspection can there be assurance that an unsafe

condition could be detected.

a. Safety

The spillway capacity of Marian Lake Dam is found to be
unusually small and seriously inadequate. The spillway/reservoir
system will accommodate about six percent of the PMF without over-
topping the dam. If the dam 1s overtopped, the safety of the
embankment would be in jeopardy. Due to the susceptibility of the
embankment wmaterials to erosion, high velocity flow on the down-
stream slope could cause excessive erosion and eventually lead to a
failure of the dame The spillway system would also receive further

damage during the occurrence of a PMF.
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The overall condition of the dam appears to be fair;
however, some items of concern were noted that will require atten-
tion. A quantitative evaluation of the safety of the embankment
could not be made 1n view of the absence of seepage and stability
analyses. The present embankment and spillway, however, have
reportedly performed satisfactorily since their construction without
failure or evidence of instability except for the collapsed portion
of the spillway apron. The dam has never been overtopped, according
to Mr. Sanders, and no evidence indicating the coantrary was ob-—
serveds The safety of the dam can only be improved if the deficien-
cles described in Sections 3.2 and 6.la are properly corrected as

described in Section 7.2b.

be Adequacy of Information

Pertinent information relating to the design of the dam
and spillway is completely lacking. The conclusions presented in
this report are based on field measurements, past performance and
present coundition of the dam, and information obtained £from the
hydraulic/hydrologic report prepared by Horner and Shifrin, Inc.
The pertinent information obtained from the report and used in this
Phase I inspection report were field verified and checked using
available data. The information used appeared to be accurate and
adequate for use in this report. Information on the design hydro-
logy, and hydraulic design, as well as seepage and stability anal-
yses were not available for review. Lack of seepage and stability
analyses comparable to the requirements of the "Recommended Guide-

lines for Safety Inspection of Dams’ is considered a deficiency.




Ce Urgency

The items recommended in paragraph 7.2a and the first
item in paragraph 7.2b should be pursued on a high priority basis.
The remaining remedial measures recommended in Paragraph 7.2 should

be accomplished within a reasonable period of time.
de Necessity for Phase II Inspection
Based upon results of the Phase I inspection, and if the
remedial measures recommended in Paragraph 7.2 are undertaken, a

Phase II inspection is not felt to be necessary.

762 Remedial Measures

8. Alternatives

There are several options that may be conaidered to reduce the
possibility of dam failure or to diminish the harmful consequences of

such a failure. Some of these options are:

l. Increase the spillway capacity to pass the PMF, without
overtopping the dam.

2. Increase the height of the dam 1in order to pass the PMF
without overtopping the dam; an investigation should also
include studying the effects that increasing the height of
the dam would have on the structural stability of the
present embankment. The overtopping depth during the
occurrence of the PMF, stated in Section S.1d, 13 not the

required or recommended increase in the height of the dam.

3. A combination of | and 2 above.
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b.

0 & M Procedures

1.

2.

3.

4

5.

6

Further investigation of the seepage observed near the
spillway should be undertaken to determine the seriousness
of the seepage. The area should also be monitored to
determine 1if the gseepage 1s transporting embankment
material. The investigation should be carried out under
the direction of a qualified professionmal engineer and

repairs made as required.

The erosion in the discharge channel of the spillway along
the left abutment/embankment countact should be properly
backfilled and compacted. The area should cthen be
protected from further erosion due to discharges through
the spillway and discharges through the spillway should be

directed away from this area.

The wet spots on the downstream slope should be monitored
to detect any flow of water or changes in location of the
areas. Any changes in the condition of the wet spots
should be 1investigated further by a qualified, profes-

sional engineer.

The remaining portion of the spillway apron should be
removed, the eroded area backfilled and compacted and a

new reinforced concrete apron provided.

Proper protection should be placed around the inlet on the
spillway pipes to prevent erosion of the embankment during
high flows.

The very minor wave erosion on the upstream slope and the
erosion of the toe of the downstream slope due to wave
action should be monitored, and, {f the erosion in these
areas continues, protective measures should be employed to

protect the slopes from further damage.
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7.

8.

9.

10.

The moles should be removed from the embankment and any
and all burrowing animals should be kept off the embank-

mente.

A well-maintained vegetative cover, especlally on the
downstream slope, should be sustained on the embankment to
protect the surface of the dam from any erosion due to

surface runoff.
Seepage and stability analyses should be performed by a
professional engineer experienced 1in the design and

construction of earth dams.

Periodic inspection of the dam by a professional engineer

experienced in the design and construction of earth dams.
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DESCRIPTION

ALLUVIUM: SAND, SILT, GRAVEL

MAKMATON GROUP. CYCLIC DEPOSITS
OF SHALE , LIMESTONE AND SANDSTONE

CHEROKEE GROUP: CYCLIC DEPOSITS
OF SHALE, LIMESTONE AND SANDSTONE

PENNSYLVANIAN UNDIFFERENTIATED ROCKS

ST.LCUIS FORMATION . LIMESTONE
INTERBEDDED WITH SHALE

SALEM FORMATION . LIMESTONE
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CHERTY GRAYISH BROWN SANDY LIMESTONE

UNDIFFERENTIATED CHOUTE AU GROUF;
LIMESTONE

HANNIBAL FORMATION SHALE AND SILTSTONE




MARIAN LAKE DAM
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Marian Lake Dam

Photo | - View of the upstream slope from the left abutment.

Photo 2 - View of the top of dam from the left abutment.




Marian Lake Dam

Photo 3 - View of the downstream slope from the right abutment.

Photo 4 -~ View of erosional scarp at the toe of the downstream slope.




Marian Lake Dam

Photo 5 - View of construction area along embankment/right abutment

contact looking downstream,

Photo 6 - View of the inlet of the two corrugated metal pipe
the spillway.
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Marian Lake Dam

Photo 7 - View of the outlet of the spillway. Note the collapsed por-
tion, the undermining, and the nonreinforced concrete of the
spillway apron.

Photo 8 - View of a crack in the concrete apron just downstream of the
outlet of the spillway pipes.




Marian lLake Dam

Photo 9 - View of the eroded discharge channel of the spillway from the
left abutment. Note the remalning portion of the concrete
apron of the spillway in the lower right~hand corner.

Photo 10 - View of the eroded discharge channel of the spillway from the
! 1 toe of the embankment.




Marian Lake Dam

Photo 11 - View of outcropping of sandy limestone interbedded with shale
located in the discharge channel of the spillway.

Photo 12 - View of the reservoir and rim.
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Marian Lake Dam

Photo 13 - View of the clubhouse located just downstream of the dam,
which appears to be in the downstream hazard zone.

Photo 14 - View of a dwelling just downstream of the dam, which appears
to be in the downstream hazard zone.




APPENDIX B

HYDROLOGIC AND HYDRAULIC COMPUTATIONS




1.

MARIAN LAKE DAM

HYDROLOGIC AND HYDRAULIC DATA, ASSUMPTIONS AND METHODOLOGY

SCS Unit Hydrograph procedures and the HEC~1DB computer program are

used to develop the inflow hydrographs. The hydrologic inputs are

as follows:

(a)

(b)

()

(d)

(e)

24-hour Probable Maximum Precipitation from the Hydrometeor-
ological Report No. 33, and 24-hour 100-year rainfall and 24-
hour 10-year rainfall of Warrenton, Missouri.
Drainage area:
Drainage area above upstream (U/S) dam = 0.17 sq. mi.
Drainage area between U/S dam and Marian Lake Dam = 0.06
¢q. mi.
Lag time:
Lag time for U/S dam watershed = 0.10 hr.

Lag time for Marian Lake Dam watershed = 0.012 hr.

Hydrologic Soil Group:
Soil Group "C" for both the U/S dam and Marian Lake Dam.

Runoff curve anumber:

CN = 79 for AMC II and CN = 91 for AMC III for both the U/S dam
and Marian Lake Dam.

8-/




o

2.

3.

The U/S Dam overtop discharge rates are based on HEC-2 generated
profiles assuming critical depth at the downstream edge of the top
of the dam and a Manning’s n=0.03. Marian Lake spillway release
rates are determined by developing culvert rating curves based on
different flow regimes and determining the flow regime transition
point. Flow rates over the dam are based on the broad-crested weir

equation Q = CLH 3/2

and critical depth assumption.

Floods are routed through the upstream reservoir and then through
Marian Lake to determine the capability of its spillway. This
analysis included the hypothetical breach of the upstream dam for
those floods during which it was overtopped. Due to the complete
obstruction of the spillway of the upstream dam, Eleanor Lake Dam
was overtopped and breached by every flood, including the ten-
percent chance flood. The sudden release of the water stored in the
upstream reservoir was a major factor in the determination of the

unusually small spillway capacity for Marian Lake Dam.
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